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Abstract 

We investigated low field vortex dynamics in a single crystal of U.9725Tli.o275Bei3.We found a sharp transition 
in the vortex creep rate at the lower transition temperature Tc2, coincident with the second jump in the specific 
heat. In the high-temperature phase, rather strong creep rates are observed. In the low temperature phase, the 
rates drop to undetectabely low levels. This behaviour indicates that a very strong pinning mechanism is present 
in the low temperature phase of U.9725Th.o275Bei3, which could be explained by the existence of domain walls, 
separating discreetly degenerate states of a superconductor, that can sustain fractional vortices and thus act as 
very strong pinning centers. 
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If a small amount of uranium is substituted 
for thorium in the heavy fermion superconductor 
UBei3, the superconducting transition tempera- 
ture shows a non-monotonic dependence on tho- 
rium concentration x. Moreover, in a small critical 
range 0.019 < x < 0.045 a second transition oc- 
curs below the superconducting transition [1]. The 
nature of this phase transition is still a matter 
of controversy. In zero field /xSR measurements, 
a continuous increase of /i-spin-relaxation rate, 
which sets in at Tc2 has been observed [2]. This has 
been interpreted as originating from a very weak 
spontaneous magnetic field. Superconducting ori- 
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gin of the transition at Tc2 has been deduced from 
the observation of a distinct increase in the slope 
of the lower critical field i?ci[3] at Tc2- 

Recently, the low-field magnetic properties of 
the heavy fermion superconductor UPts have been 
investigated [4] . In the low-field, low-temperature 
B-phase, bulk vortices remain so strongly pinned 
that the creep rates drop from rather high finite 
rates observed in the A-phase to undetectabely 
low levels at T~. The observation of zero initial 
creep in the B-phase of UPts was then interpreted 
as originating from an intrinsic pinning mecha- 
nism in multicomponent superconducting phases. 
In such phases fractional vortices get trapped in do- 
main walls separating discreetly degenerate states 
of the superconductor [5]. These experimental re- 
sults show that vortex creep measurements can be 
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used as a powerful probe to give information about 

the character of a superconducting phase. 

We present here relaxation measurements of 
the remanent magnetization on a single crystal of 
U.9725Tho275Bci3(sizc: 1.00 x 0.89 x 2.25 mm^) 
prepared in Los Alamos National Laboratory [7]. 
The experimental arrangement has been described 
earlier [4]. The single crystal has a transition tem- 
perature Tci = 523 mK. Specific heat measure- 
ments [6] show a second jump at Tc2 = 350 mK. 
Typical relaxation measurements of the remanent 
magnetization are shown in fig. 1. All the values 
of Mrem are taken with the sample in the fully 
critical state. 
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Fig. 1. Isothermal relaxation measurements of rema- 
nent Mrem in U,9725Th.o27BBei3. Temperatures are given 
in mK on the right hand side of the graph. 

We observe two different regimes of vortex creep, 
separated by a dramatic change in creep rates at 
T = Tc2- For temperatures above Tc2, we observe 
strong vortex creep and a logarithmic time depen- 
dence of the decays. For temperatures below Tc2, 
the initial vortex creep drops to zero. At longer 
times the decays start deviating from logarithmic 
behaviour. This acceleration of vortex creep at long 
times has also been observed in UPt3[4]. Here we 
only discuss the initial slope of the decays. The 
normalized creep rates {din M/ dint) are plotted 



in Fig. 2 as a function of temperature. At T = Tc2, 
we observe a sharp transition in creep rates. They 
drop by 3 orders of magnitude to zero within our 
sensitivity {din M/ dint « 10~^). Also shown in 
Fig. 2 are measurements of the lower critical field 
Hci on the same crystal. Hd was obtained as the 
field where the first deviation from the initial slope 
of isothermal magnetization-curves occurs. 




Fig. 2. Creep rates (closed circles, right axis) and 
lower critical field Hd (open diamonds, left axis) of 
U.9725Th.o275Bei3plotted vs T^. The lines are guides to 
the eye. 

In conclusion, we have observed a sharp transi- 
tion in vortex pinning in U.9725Th.o275Bei3at Tc2, 
similar to the one observed in UPta at T~ [4] . This 
might hint towards a new type of strong pinning 
structures and/or a new type of vortices being 
present in the low-T phases of these two multi- 
phase superconductors. 
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